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We report on a search for the avor-changing neutral current decays

B0
d;s ! �+��, B+ ! �+��K+ and B0 ! �+��K�0 using data from p�p

collisions at
p
s = 1:8TeV, collected with the Collider Detector at Fermilab

during the 1992{1993 running period. We �nd no indication of such decays

and we set the following 90% con�dence level upper limits on branching ratios:

BR(B0 ! �+��) < 1:6 � 10�6, BR(B0
s ! �+��) < 8:4 � 10�6, BR(B+ !

�+��K+) < 1:0� 10�5 and BR(B0 ! �+��K�0) < 2:5� 10�5.

PACS numbers: 13.25.Hw, 13.30.Ce

In the Standard Model of electroweak interactions, rare decays of B mesons involving

avor-changing neutral currents (FCNC) are forbidden at tree level and proceed only through

higher order processes. The predicted rates for these decays [1] are BR(B0 ! �+��) =

(0:6�1:9)�10�10, BR(B0
s ! �+��) = (1:5�4:5)�10�9, BR(B+ ! �+��K+) = (2�5)�10�7

and BR(B0 ! �+��K�0) = (2 � 5) � 10�6. The largest uncertainties in the theoretical

calculations come from the unknownB meson decay constant, the uncertainty in theB meson

lifetime, and, for the latter two decay channels, the choice of form factors [2]. Deviations from

Standard Model physics, such as the existence of a charged Higgs boson or an anomalous

magnetic moment of the W boson, can increase these rates signi�cantly [3].

We use data collected by the CDF detector at the Fermilab Tevatron proton-antiproton

Collider. The CDF detector has been described in detail elsewhere [4]. The most relevant

components of the detector for this analysis are the muon chambers and the charged par-

ticle tracking system. The muon system is composed of drift chambers outside the hadron

calorimeter, allowing the reconstruction of track segments for penetrating particles. The

tracking system consists in part of the silicon vertex detector (SVX) and the Central Track-

ing Chamber (CTC), both inside a 1.4 T solenoidal magnetic �eld. The CTC is a cylindrical
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drift chamber containing 84 layers grouped into nine alternating superlayers of axial and

stereo wires. It covers the pseudorapidity range j�j < 1:1 [5]. The SVX consists of four

layers of silicon microstrip detectors located at radii between 3.0 and 7.9 cm from the beam

line. The SVX provides measurements in the r � � plane resulting in a track impact pa-

rameter resolution of (13 + 40=pT ) �m where pT is the momentum of the track (in GeV/c)

perpendicular to the beam line.

The data sample consists of 17.8 � 0.6 pb�1 of p�p collisions collected using dimuon

triggers in the CDF three-level trigger system. The Level 1 dimuon trigger requires two

track segments in the muon chambers, separated by at least 0.09 radians in azimuth. The

trigger e�ciency for each muon at Level 1 rises from 50% at pT = 1:6 GeV/c to 90% at

pT = 3:1 GeV/c with a plateau of 94%. The Level 2 trigger requires that at least one of

the muon track segments is matched in � to a track found in the CTC by the CFT [6],

a hardware processor. The e�ciency for �nding a track with the CFT rises from 50% at

pT = 2:7 GeV/c to 90% at pT = 3:1 GeV/c and reaches a plateau of 93%. The Level 3

trigger requires a pair of oppositely-charged muons after full track reconstruction.

Both muons are required to satisfy CTC-muon chamber matching requirements. To

remain in the region of good trigger e�ciency, both muons in this analysis are required to

have pT (�) > 2:0 GeV/c, whereas one muon is required to have pT > 2:5 GeV/c.

For the B+ ! �+��K+ and B0 ! �+��K�0 [7] analyses, we use all dimuons within

the mass range kinematically available to B decays (i.e. m(��) < 4:6 GeV/c2). The only

exceptions are dimuons in the mass regions 2.9{3.3 and 3.6{3.8 GeV/c2, which are dominated

by resonant decays involving the J= and  (2S), and are therefore excluded from the FCNC

decay search.

For B+ ! �+��K+ all reconstructed charged particle tracks (except for the two muons)

with pT > 2:0 GeV/c are assigned the kaon mass. For B0 ! �+��K�0, K�0 mesons are

reconstructed using theK�0 ! K+�� decay channel. All oppositely charged pairs of particle

tracks are assigned the kaon and pion masses. The K � particle assignment with invariant

mass closest to the K�0 mass is used. The resulting K�0 candidates are required to be within
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100 MeV/c2 of theK�0 mass and to have pT > 2:0 GeV/c. The two muons and theK+ orK�0

candidates are constrained to come from a common point subject to the further constraint

that the transverse displacement of the B decay point from the beamline be parallel to the

B momentum. Only B candidates with pT > 6:0 GeV/c are considered in order to remain

in the region of good kinematic acceptance.

To reduce combinatoric backgrounds, the proper decay distance of all B candidates in

the plane transverse to the beam is required to be greater than 100 �m. In addition, B decay

products are expected to carry the majority of the transverse momentum in a cone around

the B direction. We de�ne the isolation I as the transverse momentum of the B candidate

divided by the scalar sum of the transverse momenta of all charged tracks, including the

tracks which make up a B candidate, in an �-� cone of radius 1.0 (
p
��2 +��2 < 1:0)

around the B direction. The optimal isolation requirement, I > 0:6, was determined from

a signal to background study of fully reconstructed B candidates using the J= K+ and

J= K�0 modes. The e�ciency of this requirement is 92 � 6%.

Additional background rejection is achieved by �tting the tracks forming B candidates

in the mass region 5.23{5.33 GeV/c2 with the added constraint that the system have the B

meson mass. Tracks forming B candidates in the sideband regions 5.13{5.23 and 5.33{5.63

GeV/c2 cannot be �t to the B mass. Instead, the sidebands are split into four 100 MeV/c2

bins and the candidates in each bin are constrained to the central mass value of the bin.

Imposing a con�dence level of 10% on the overall �t results in the dimuon mass spectra

shown in Figures 1a and 1c for B+ ! �+��K+ and B0 ! �+��K�0 events in the B signal

region. The dimuon mass distributions from the B sidebands are displayed in Figures 1b

and 1d.

The background in the B signal region is estimated from the number of events from the

B sideband region, scaled by the relative size of the B signal and sideband regions. For the

decay B+ ! �+��K+ (B0 ! �+��K�0) three (seven) candidate events are found in the

non-resonant signal region consistent with the background estimate of 5:0 � 1:2 (7:2 � 1:5)

events.
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We set a limit on the relative branching ratio of the non-resonant B+ ! �+��K+ and

B0 ! �+��K�0 to the resonant B+ ! J= K+ and B0 ! J= K�0 decays because of the

cancellation of systematic uncertainties due to the B meson production cross section, the

trigger and reconstruction e�ciencies and the luminosity measurement. Resonant decays

from B+ ! J= K+ and B0 ! J= K�0 are identi�ed using the dimuon mass region from

3.062 to 3.132 GeV/c2. In the resonant region there are 34:2 � 6:3 B+ ! J= K+ and

29:7�6:0 B0 ! J= K�0 events above background [8]. The relative e�ciencies between non-

resonant and resonant events, determined from a Monte Carlo calculation based on reference

[9], are �(��K)=�(J= K) = 1:03 � 0:05 and �(��K�0)=�(J= K�0) = 0:93 � 0:05.

An upper limit is calculated using the method of reference [10]. Uncertainties on the

relative e�ciency and on the background estimated from the B sidebands are treated as

Gaussian and convoluted with the Poisson distribution. The results for the B+ and B0

mesons are:

BR(B+ ! �+��K+;partial)

BR(B+ ! J= K+; J= ! �+��)
< 0:13 at 90% C:L:

BR(B0 ! �+��K�0;partial)

BR(B0 ! J= K�0; J= ! �+��)
< 0:20 at 90% C:L:

The designation partial indicates the dimuon mass region used for the signal, i.e. excluding

the J= and  (2S) mass regions. The above limits are converted to those for the full

dimuon mass region by multiplying the partial branching ratios by 1:23 for B+ ! �+��K+

and 1:29 for B0 ! �+��K�0, obtained from the Monte Carlo calculation. Using BR(B+ !
J= K+; J= ! �+��) = (6:1 � 0:9) � 10�5 and BR(B0 ! J= K�0; J= ! �+��) =

(9:4�1:7)�10�5 [11], the limits on the total branching ratio for non-resonant decays, taking

into account the uncertainty on the J= K branching ratios, are BR(B+ ! �+��K+) <

1:0� 10�5 at 90% C:L: and BR(B0 ! �+��K�0) < 2:5� 10�5 at 90% C:L:

The B0
d;s ! �+�� search proceeds along the same lines as the B+ ! �+��K+ analysis,

with the exception of elements related to the K+. The two muons are constrained to come

from a common point with a con�dence level greater than 1% and the proper decay distance
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of the dimuon system in the transverse plane is required to be greater than 100 �m. The

background is higher than in the B+ ! �+��K+ search because the constraint of a common

point on two tracks is less stringent than on three or more tracks. To compensate, B0
d;s !

�+�� candidates are required to satisfy a tighter isolation requirement of I > 0:7. The

e�ciency for the I > 0:7 requirement is 83 � 6%. Additionally, in order to normalize to the

B meson production cross section measured in CDF data, only B candidates with pT > 6

GeV/c are considered.

The mass distribution of B0
d;s ! �+�� candidates is shown in Figure 2. We de�ne the

signal regions to be within 75 MeV/c2 around the measured masses of the B mesons [11].

In these mass windows there are no Bd candidates and one Bs candidate. The number of

candidates is consistent with the rate of background events seen outside the mass windows.

The upper limit on the branching fractions is calculated from the formula

BR(B0
d;s ! �+��) <

Nlimit

2�(B0
d;s) � L � �

;

where Nlimit is the number of candidates allowed at 90% C.L., �(B0
d;s) is the production

cross section for each B meson species in the kinematic region pT (B) > 6 GeV/c and

jy(B)j < 1, � is the total reconstruction e�ciency in this same kinematic region, and L is the

integrated luminosity of the data sample. �(B0
d;s) is obtained from the measured cross section

for B+ only, i.e. excluding B�, �(B+; pT (B) > 6; jy(B)j < 1) = 2:39� 0:54 �b [12] with the

assumption �(B+) = �(B0) = 3�(B0
s ). To be conservative, Nlimit is computed assuming that

the single B0
s candidate is a signal event. The e�ciency of the kinematic cuts on the muons

is determined from Monte Carlo simulation. Single b quarks are generated according to the

QCD calculation of Nason, Dawson and Ellis [13] and are subsequently fragmented using

Peterson fragmentation [14] with �B = 0:006. Mesons satisfying the kinematic requirements

pT (B) > 6 GeV/c and jy(B)j < 1 are decayed into dimuon pairs which are then passed

through the CDF detector simulation.

The e�ciency of the requirement on the con�dence level of the vertex constraint is mea-

sured in J= ! �+�� events. The e�ciency of the isolation requirement is obtained from

9



fully reconstructed B0 ! J= K�0 decays. The e�ciencies for the mass window and proper

decay length requirements are determined from a Monte Carlo calculation. The combined

acceptance and e�ciency for detection of this decay with our selection cuts is 1.8 � 0.2%,

with most of the uncertainty coming from the e�ciency of the isolation and mass window

requirements.

The uncertainties in the cross section and the reconstruction e�ciency are treated as

Gaussian and are convoluted with the Poisson distribution for the number of observed events.

The �nal 90% C.L. limits are BR(B0 ! �+��) < 1:6� 10�6 and BR(B0
s ! �+��) < 8:4 �

10�6:

In conclusion, no signal has been observed for FCNC decays. The resulting limits for

B+ ! �+��K+ and B0 ! �+��K�0 are consistent with previous results from the CLEO ex-

periment [15]. The B0 ! �+�� limit is a signi�cant improvement over previously published

results [16,17]. The B0
s ! �+�� limit is the �rst result on this mode.
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FIG. 1. Invariant mass distribution of the dimuon pair in B+ ! �+��K+ candidates: (a) for

events in the B+ mass range and (b) for events in the B+ sideband mass region. The regions

excluded from the non-resonant search are hatched. The mass range 3.062{3.132 GeV/c2 inside

the singly{hatched region is used for B+ ! J= K+ events. Figures (c) and (d) are the respective

distributions for the B0 ! �+��K�0 candidates.
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FIG. 2. Invariant mass distribution of the dimuon pair in B0
d;s ! �+�� candidates. The un-

shaded solid (dashed) line is the spectrum of the unlike (like) sign dimuons before the requirements

on the transverse proper decay length and the isolation of the B candidate. The shaded (un-

shaded) histogram is the �nal spectrum for unlike (like) sign candidates. The windows for the Bd

(Bs) candidates are indicated with the solid (dashed) lines.
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